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OF THE AERODYNAMIC CHARACTERISTICS OF TAPERED
WINGS WITH PARTIAL-SPAN FLAPS

By HENRYA. I?EAESONand RAYMONDF.ANDQnSON

SUMMARY

Factor8 derized jiom wing theory are presented. By
means of these jactora, the angle oj zero l@t, the lijt+ume
slope, the piichiq moment, the. aerodynamic-ceder poti -
tion, and the induced drag oj tapered wings with partial-
span $aps may be culoulated. The factor8 are gicen for
wing8 oj ~pect ratios 6 and 10, oj taper ratb8 jrom O.%
to 1.00, and with jfap8 oj various lengths.

An example is presented oj the method oj application of
the jactor8. Fair agreemeni with experimental results is
shown jor two wing8 of different taper ratio having plain
japs of oarioua 8pans.

tiTRODUCTION

Because of the widespread w of tapered wings
equipped with partial-span ilaps, it is desirable to have
means for computing their aerodpunic characteristics.
Previous reports (references 1,2, and 3) have prasentcd
theoretical factors for use in computing the aerodynamic
characteristics of wings with linear and with arbitrary
twist and for use in finding the Ioad distribution of
wings with partial-span flaps.

This report presents factors, based on airfoil theory,
for use in CahmMing the induced drag, the angle of
zero lift, the pitching moment, and the aerodynamic
center of tapered wings with partial+pan flaps of con-
stant flap-chord ratio. The factors, when used with
adequate section data, should apply to various types of
flap and various amounts of flap deflection.

THEORETICAL RESULTS

The particular wing chord distributions for which the
theoretical computations were specifically made are
given in @re 1 where the wing quarter-chord line is
shown as straight. Two aspect ratios (A=6 and 10)
and four taper ratios ~= 1.00, 0.75, 0.50, and 0.25)
were used. A list of the symbols used herein is given
in appendix A. Inasmuch as the various characteris-
tioa for dliptical wings with partial-span flaps could be
obtained relatively easily, they were sometimee com-
puted in order to aid in determining the shape of the
various computed curves for the tapered wings.

The span load distributions from which the aero-
dynamic characteristics were obtained me given in ref -
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erence 2 where a dope of the seotion Iift curve equal to
5.67 per radian was used. The computations apply
only to those c- in which no aerodynamic twist is
present before the flaps are deflected.

Although the ordinary lifting-line theory is applica-
.J. .—-

ble only to wings without sweepbaok, experimental evi-
dence indicates thdt smalI amounts of Erweepback
have no appreciable efEect on the span loading. The
computations may thus be applied to wings with moder-
ate sweepback as long as the chord distributions are
similar to those indicated in flgu.re 1.

The computed aerodynamic characteristics are given
in terms of factors such as J, H, and t?. The method of
calculating the factors is omitted because of its length,
but the formulas for the facturs are presented in ap-
pendix B. The physical significance of the factors and
of the aerodpamic characteristics they repr=t, how-
ever, is explained in the following sections.

hgle of zero lift.-The change in the angle of zero
lift of a finite wing accompanying a flap deflection de-
pends upon severed variables, such as flap span, flap
deflection, flap chord, and fIap type. The efkt of the
last three variables can be conveniently represented
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by the section characteristic At,, the increment of
section lift coefficient obtained by deflecting the flap.

By this grouping of variabl.~, the change in the angle
of zero lift (in degrees) for a wing with partiakpan
flaps can be expressed by the equation

AC18,L-0)=—-JACZ (1)

In order to obtain the angle of zero Mt for. the. wing,
this increment must be added to the initial. angle of
zero lift, i. e., the angle before the flap is deflected.
If this initial angle is measured from the chord of the
root secticm, as is usually the case, the angle of zero
lift for the wing is given by

&*(L.o=ab8— JAc L
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The computed variation of the factor J with flap spnn
is shown in figure 2 for various aspect ratios nnd taper
ratios.

Although the values of J given in figure 2 apply
spetiif3cally to wings in which the flap-chord ratio, or
Ac~, is constant along the portion with flnps and in
which the flaps begin either at the center or nt the tips,
the results may be used to predict tha iiIigle of zero lift
for any starting point of the flaps and for any Acl
distribution as long m they are symmetrical about tho
wing center. For example, if flaps of uniform flap-
chord ratio extend from 0.3J to 0.7b, the proper
value of the factor J is the ditkence between the values
for 0.3b and 0.7b as shown by AJ in figure 2. TIM
extension to the case of a nonuniform symmctriml dis-
tribution of Acl consists simply in w.msidming the
remdting Acl distribution to be caused by a series of
ekmental flaps of various lengths nnd performing either
a numerical or a graphical integration for the value of J.
(See procedure given in reference 3.) In cases whcro
the variation of Acl along the sprm is slight, however,
the use of an nverflge value of Acl is justified.

Lift-curve slope.-The wing lift-curve slope, a, per
degree may be found from the equation

(3)

where
A is wing nspoct ratio, b’js.
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j, a theoretical factor given in iigure 3. This factor
has be~n plotted from results given in reference 1.

~0, the weighted average of the section lift-eurvo
slopes.

An ave~ffe siope, weighted according to chord lcngth,
must be used because the slope .of the sections with flaps
may be considerably different from the slope of the
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sections without flaps. If the section lifi%urve slopes
are constant across the spans of the flapped and the
unflapped parts of the wing, then;O may be found in
terms of the fraction of the area of the -wing equipped
with fians:.

(4)

wkre
~ is the Lift-curve siope of section without flaps, per

degree.
aofl Iift-cur-re slope of section with flaps, per degree.

S, area of wing.
8f, area of part of wing equipped with flaps.

If ~ and aof U: not Comtmt fLCTOSSbe two p~r~ of
tbe wing, then a. may be foimd by integration.
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namic centers is unaltered by deflecting the flaps, the
x position of the wing aerodynamic center would be
the same with the flaps either deflected or neutral.

If the aerodynamic center of the root section is taken
as a reference point and the aerod~mnic centers of all
the wing sections are assumed to lie on a straight line
making an angle A with the lstcmd axis (see fig. 4),
then the z location of the load center is given by

xa.c,=Hb tm A (5)

From equation (5), the aerodpmmic-center position
may also be related to the mean chord S/b and to the
aspect ratio A by the equation

‘@=HA tan Lf (6)
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Aerodynamic-center looation,-The aerodynamic
center of a wing is defied as the point about which
the pitching moment is constant up to high lift coefE-
cients; and, since the resultant lift must act through
this point, the x position of the wing aerodynamic re-
nter is, in ellect, nothing more than the fore-and-aft
location of the centrbid of the load distribution.

The Ioid distribution of a wing with flaps is cmsid-
ered in this report ‘to consist of the two components
that are shown in @ire 4. The basic load distribution
!s the span loading for zero lift ,~vith the flaps deflected;
its ordinates are proportional to the value of ACZ. The
additional load distribution is that for the wing with
flaps neutraI; the total lift, however, is the same as
that for the wing with flaps deflected. Since the basic
load distribution contributes no lift, it does not enter
into the determination of the aerodynamic center.
Thus, if the chordwise position of the section aerody-

l?or a wing with sweepforwa.rd, A is negative and the
aerodynamic center of the wing is ahead of the aero-
dvna.mic center of the root section.

“Valum of H are shown in figure 5.
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Pitching moment.—As shown in figure 4, the upward
and the downward parts of the basic load form a couple
having a magnitude that increases directly with the
sernispan length, the angle of sweepback, and the flap
deflection, i. e., Acz. ArI equation for the pitching
moment due to the basic load distribution can thus
be written: .

where k accounts for variations with wing taper, aspect
ratio, and flap span. Becausa. the basic load distribu-
tion is zero with no flap and is also zero with a full-
span flap, the faotor k would have a maximum value
at an intermediate flap span.

Transforming the preceding equation into the co-
efficient form gives

where values of Q are given in &ure 6. For a wing
with sweepback (A positive), the sign of the pitching-
moment coefficient due to the basic Lift is positive if
the flap deflection introduces an effective washout
toward the tip (e. g., flaps at the center deflected down-
ward or flaps at the tip deflected upward). For a
wing with sweepf orward, the sign of C~,a is negative
for the same flap deflections.
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In caee the aerodynamic. centem do not lie on a
straight line so that the angle of sweepback is not con-
stant along the span, c.l~ may be graphically obtained

from the eauation

(8)

where, at any point along the span,
z is the moment mm meaeured from the aerodynamic

center of the root section and paralIel to the root
chord (positive, rearward; negative, forward).

cl~r the section lift coefficient for the basic loading.
c, the chord.

h order to obtain the total pitohing-moment
coefficient, that due to the sections must also be tiddcd.
This pitching-moment ccdcient is given by

c J26 bf2

“=23 , cm”.’.d~d~ (9)
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For wings with flaps, however, the value of th section
pitching-moment coefficient cm=.,. may ba assumed to

consist of two parts: One denoted by c~O,the section

coefficient with flaps neutral; and the other denoted by
At., the increase in the section coefficient above c~a

due h the flaps. If Cw is constant across the span and

Ac~ is constant- across the flap span (i. e., the flap-chord
ratio is constant), then the pitching-moment ccwfT1cient
due to the sections can be given by

m8=ECq+E’ACmc (lo)

~ahme of IZ and E’ for these” conditions ttro given in
figure 7 for the tapered wings. These values have been
determined from the relations

J~_zQ blz~
–t? 1)

C dy

E’=
s

; “t2#dy
Vf

If neither c~Onor Ac~ were constant across the Spflnr

then it- would be necessary to use equation (9) and tot
evaluate cm~ by an integration, as wilI be illustmted
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later. The total
given by

wing pitching-moment coefficient is

~=..,=cm=-l-omlbc (11)

The coefficient Cm=.,.is defined by the equation

M= &.,,.q; (12)

where iW is the total pitching moment.
Induced drag.-For any wing with a twist that is

symmetrical about the wing center line, the induced-
drag coefficient may be given by the equation

CD,=& Cdc@+Ac:W (13)

The factors u, u, and w for wings with partial-span
flaps, i. e., for the case of an abrupt twist, are given in
figure 8.

The tlrat term on the right-hand side of equation (13)
is the uaual induced-drag coeflhient of an untwisted
wing and the other two terms result born the aerody-
namic wing twist introduced by deflecting the flaps.
It can be seen from figure 8 that, ~Oi e&ikb t.apei

ratios, the o and the w factors are of opposite sign and
their contributions counteract each other. In fact, under
certain conditions, the sum of the last two terms may
be slightly negative; and, as a result, the elliptical
wing induced-drag cticient may be approached.
This tendency exists when the flaps are so placed and
deflected that an efiptical loading is approximated.

EXPERIMENTAL RESULTS

APPARATUSAND TESTS

In order to provide a chtik on the reliability of the
theoretical factors that have been presented, two
tapered wings with partial-span flaps were tested. In
addition, teats were made of three rectanguk wings
with ffl-span flaps to provide section data for use in
calculating the charactmistics of the tapered wings.
The wings were made of sInminum alloy and had an
area of 150 square inches.

A list of the tapered wings and the difkrent flap
lengths used is given in table I, together with the
taper ratio, the aspect ratio, and the airfoil sections
of the root and the construction tip (the extreme tip).
The tips were rounded as shown in figure 1. The
N. A. C. A. 23012 tapered wing had a moderate sweep-
back (line through quartmwhord points) but the ~. A.
C. A. 5-10-16 tapered wing had no sweepback, In the
construction of the wings, straight-line elements were
used between corresponding points of the root and the
construction tip sections. For the N. A. C. A. 23012
wing, the chords of all sections along the span were in
one plane; whereas, for the N. A. C. A. 5-10-16 wing,
the highest points of the upper surface of each section
were in one plane. The ordinatea of the N. A. C. A.
5-10-16 wing are given in reference 4.
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The rectangular wings had N. A. C. A. 23009,23012,
and 23015 sections and were included to provide airfoil
section characteristics to aid in calculating the charac-
teristics of the tapered wings.

Plain 0.2c flaps deflected downward 20° were built
nto all the wings and were-made to sindate flaps

pivoted about the midpoint of the thickness at 0.8c.
FilIets of small radii were used to join the flap to the
wing and to eegl the gap, m“ indicated at the top of
figure 9.

All the wings were tested in the variable-density
wind tunnel at a pressure of 20 atmospheres. The lift,
the drag, and the pitching moment were measured at

\

Ii
c1
m
o

c~(=o,o10are given about the aerodynamic-center posi-

tion with the ffap neutral.
The results of the tests of the tapered wings are

presented in the usutd manner in figures 12 to 17. II)
addition to the usual characteristics, the lift-curve
peaks me given for two values of the effective Rcyn-
OldS ~umber b indicate the SCale effOCt on C&=,
The Rejnolds Number is based on the mean chord S’/b.
On the right side of the figures, effective profile-drag
coefficients are given. This coefficient is the totml drag
coefficient with the induced-drag coefficientt for ellip-
tical span loading deducted, that is, C~a=C~– CLzjuiL

The values of CD, have been corrected to effective

FmuRs 9.—TIM N. A. C. A. !23110drfofl with 0% pkdn fkp down !lJO.

the usual high Rey-nokls Number and, in addition, the
maximum Iift was measured at a lower Reynolde lTum-

ber to indicate the scale effect on CLmz. The method
of making and correcting the tests and a description
of the tunnel are given in reference 5.

The results of the tests are presented in the usual
form as figure9 9 to 17. The.. results of the tests of
rectangular wings, plotted on the left side of figures
9 to 11, have been c.cmected to aspect ratio 6; whereas
the results given on the right aide have _been ccn-rected
to airfoil section characteristics by the method explained

in reference 6. The pitching-moment coefficients

Reynolds Number Re by subtracting an increment
(0..0011) to allo~v for the reduction in skin-friction drag
when extrapolating from teet to effective Reynolds
Number (reference 6). The pitching-moment coefTl-
cients given are based on the mean chord S/h so tlmt
C~=MfgS(S/b) =Mb/qP. The coefficients for each
wing-and-flap combination are given about an axis
through the aerodynamic center determined by the
method given in the appendix of reference 4. The
location of the aerodynamic center given in the upper
part of the right-side of the figures is measured from
the quarter-chord point of the root chord and is in
terms 6! S/b.
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CALCULATED CEXARACTEIUSTIC!S OF THE WINGS

The factors previously presented were applied to the
calculation of the characteristics of the wings used in
the tests and the rwults are summarized in table 1.
‘L’he calculations will be ihstrated for the tapered
N. A. C. A. 23012 wing with the 0.5b flap.

Angle of zero lift and lift-curve slope,—The angle of
zero lift by equation (2) is:

%.o)
=—1.~—(6.07x0.90)=–6.70

The value of Acl (0.90) -was measured from figure 10 at
npprox.ima.t-ely the average lift coefficient of the basic
Cib distribution of the flapped portion of the wing.

The average lift coficient was estimated from column
15 of table II.

Tbe lift-curve slope WRYcalcuhtted from equation
(3), the value off being tuken from iigure 3:

0.091a= O.999
1+

57.3 XO.091 ‘0.071

TX6

The valuo of ~0 (equation (4)), w-dues of a. and UOf
having been taken from figures 18 and 19, is

~=~X0.085+(1 –~)X0.099=0.091

8,2c&m.

FrGUEEU1-%rfatfon d eectiondata with thfokness. The N. A. C. A. ~ series
afrfcdlswith 02c plaln fkp down ~ effective Ragnoids N-, 8JCC,KJ3.
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Aerodynamic center and pitohing moment.—The
z position was found directly from equation (6):

&b=HA tan A= O.214X6X0,1703 =0.219

The appropriate vaIues of A and H (~. 5) were used
and the aerodymmic centem of the wing sections were
considered to be at the quarter-chord points.

The pitching-moment coefficient C& due to the

moments of the airfoil sections (equation (9)) was
obtained, ~ shown in figure 20, from the area above the

c=a.c.c‘ curve. Figure 20 illustrates the general method

that may be applied to any plan form and any distri-
bution of c~c.,. across the span, The values of the

necessary pitching-moment coef6cients were taken from
figures 18 and 19 and are for a due of c1 of zero, in
which case c~a ~ = c~(a ~,~. If c~(=~.)Ovaries appreciably. . . .
with cl, it should be taken rLtthe average value of c1over
the portion of the wing with flaps. In this example, C~~

could dao have been calculated from the values of IZ
and E’ given in figure 7 because the increment, as well
as the initial value of the pitching-moment coefficient,
was substantially constant across both the flapped and
the unflapped parts of the span.

The pitching-moment coefficient due tcrthe basic lift
distribution is given by formula (7)

CmC,=~Ac#i tan A= 0.029X0.77X6X0.1703 =0.023

The value of (2was taken from figure 6 and the value of
Ac~ was taken at an intermediate c1 (c1=l.0) from
figure 10 for the N. A. C. A. “23012 airfoil with flap.
Although Acj vari~ with the q at which it is taken,
the exact value used does not affect the value of Cmlh

appreciably unless the eweepback is large. When the
quarter-chord points do not lie on a straight line so that
the angle of sweepback cannot be measured, C~l~ may

be computed from formula (8). The total pitching-
moment coefhcient about the axis through the aero-
dynamic canter is then

~a.,.=om8-F&b=-C 0.128+0.023=–0.105

Drag,-The induced drag was calculated from for-
mula (13) using values of u, q and w from @ure 8 and
a value of Acl at an intermediate value of c; (cl= 1.0)
for the N. A. C. A, 23012 airfoil with flap (fig. 10).
Thus C.$ for any value of C. is

c~~=TA:;.g86+(—o.oolo)o.77c~+o.oloo(~.77)2
Values of C.f were calculated for a series of va.hes of CL.

The proille-drag coefficient of the wings was calculated
by an integration of the section profile dreg along the
semispan as given by

This integration has been graphically perfornml as
shown in figure 21. The vaIue of cdOat any point-will,
of course, depend upon the airfoil section, tho lift
coefficient, and the Reynolds Number at that point.
The calculations are illustrated in table 11 for a CL of
0.8 arid follow the method of reference 4,

Rod Disfancealong semispan,
$$

n~
o J .2 .3 .4 .5 .6 .7 .8 .9 1.0

~aun~ !21).-OraphIcal detwmlrmtion of C% for the N. A.0,A,22012sh’foil wllh

0.6fJplafn flap.

‘J’%-pp%.●.CU(*)--O.U8

FIGUREZ.-Oraphlcal determination of C% fm the N. A. C A. 23012tati airfo[l

with O.Mphlhl hp.

cD,-;J#&d(,~).ome’f

Values of cd,c were ca.Iculated at intervals along the

semispan using the known lift distributions. The
values of (ci~n%),ti) (cd,nin)~ti~ clopl) and Aclna% that

appear in the various columns of table 11 were obtained
from iigures 18, 19, and 22, Section data for other
flap defkwtions may be found in references 6 and 7.

The values ‘f c~o~i~were extrapolated to the Reynolds
Number of each point along the semispan by the method
given in figure 23 of reference 4. Although the formulu
given in reference 4 was derived for sections with
moderate camber, it should apply approximately to
airfoils with flaps.

The c1distribution for CL=0.8 was obtained from the
equation

cl=CLcl~~+cth

where
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The values of L= and Lb at b,lb= 0.5 ware obtained from
reference 2 by oro=plotting against bflb. The value of
Acl at cl= 1.0 for the flapped seotion was obtained from
Qure 10.

The profle-drag cotioient is given by the equation
c.o=cdomti+h~

where Ac~Odepends on the quantity in column 19 of

table II. Values of Ac~Owere obtained from &ure 23

for the sections without flaps (data taken from reference
6) and from figure 24 for the N. A. C. A. 23012 section
with flap.

o ./ .2 .3 .4 ..5 .6 .7 .8 .9 Lo
let - %#d/k=-%

~IGUE,E23.-Generrdized VWf8tbUOf Acd, fm 8h’fOn~ with tkP9 nMkd
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The values of cdOcgiven .iu cohunn 22 of table II

were plotted in figure 21 and extrapolated to the flap
end. From the area urider tlie curve, C& was found to

be 0.0184. The procass was repeated for other lift
coefficients and for other wing-and-flap combinations
and the results are plotted in flmres 12 to 17 as effective
pro filedrag ooefliti~nts -

.?4

20

1.6

1.2
CL

.8

,4

0 ./ .2 .3 .4 .5 .6 .7 ;..8 IT [0
RGd Distance along semispun, ~ Tip

FIGURE25.-CalcuIatkm of the CL at whfcb the N, A. Cf.A. 2W12 rdrfoll with 0.6b
plain daSIb@nn ta stall.

and the value of CL~~=as indicated on figure 25. TIM

dashed curve faired through the flap end was used.
The solid line, which passes through calculated vnlu.cs of
cl~a=—CZ~,would have indicated stalling at the plain
section just outboard of the flap end at a low cL~fl*,

Observations of the action of tufts, however, indicate
that stalling does not necessarily begin at this point.
It appears to be preferable to fair cl~m–clb through the

flap end, as shown. The caIculakd CL~c=value is then

higher and in better agreement with the teet value.
Tuft observations of the wings with 0.3fJ and 0.7b
flaps indicated that stalling began at a point other than
the predicted point so that the method can be expected
to give only a rough indication of CL~==.

COMPARISONOFTHECALCULATEDAND THE
EXPERIMENT IlESULT8

The calctiated and the experimental results arc
compared in table. I. The angles of zero lift and tlm
lift-curve slopes are in good agreement. The z positiona
of the aerodynamic center are in fair agreement-although
the experimental aerodymmio-center positions move
more and more ahead of the calcuhtid position as the
flap length is increased, probably owing to the forward
movement of the position of the aerodynamic center

FIGURE28.—Inomase In Induced dreg due to the additbn of flaw of Parlous length% Cz, 1.0; Act, LO.

Maximum lift ooefllcient,-The lift coefficients at
which the wings should b~in to stall were estimated by
the method used in reference 1 except that, instead of
plotting c1for a series of values of CL, the point at which
which a section Iift coefhcient reaches Clw= (c~ curve

of the sections with small flap deflections. The pitching-
moment coefficients are in good agreement except for
the N. A. C. A. 5–10-16 wing with 0.5b flap.

The CD, curves given in figures 13 to 17 are in best

agreement in the region of CD,_,_. The divergcnc.e
becomes tangent to the Ckm curve) was fi~d more for ~gher and lo~ver lift coeflic.i_~~tsis more for these
conveniently by first deducting Clh from c~u as in

figure 25. (See coIumn 23, tab~e II.) The point at
which the c~al curve (cla for CL=1.0) would become

tangent if expanded to other lift coefficients then deter-
mines the point whera stalling is predicted to start.

This point is most easily found by calculating
Cha—clb

Clal

at several points aIong the semispan. The minimum
value gives the location of the predictid stalling point

wings-than for wings without flaps (referenco 4).
Two values of CDCare listed in table I, C~,~iE rmd

CD, at CL=0.7. It is interesting to note that, for the

N. A; “C. A. 23012 wing, CD, increases with flap length

up to b~b=O.5 but is then substmtially the same at
bl/b=0.7 as it is at 0.5. The reason for this variation
is that the increase in profile drag with flap length is
compensated by the reduction in induced drag L)oyoml
b~/b=O.5. If plain flaps at a moderate angle are used
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for take-off, rMlong a flap span as possible is therefore
indicated ti obtain the lowest drag. The decrease in
induced drag with flap length beyond b~b equal to
about 0.36 is illustrated in figure 26. The curves are
given for various taper ratios, two values of A, and for
C?. and Ac, both equal to 1.0. A value of Acz=I.O
corresponds to an airfoil of moderate thickness with a
0.2c flap at an angle a little larger than 20”. The
change of induced drag with Iift coefficient is illustrated
in @ure 27 for a wiug with half-spin flap of aspect
ratio 6 and for two values of Aca.

The cab-dated and the Cxperimenttd CL,,, vdum

given in tab~e I are in as good agreement as can be
expected in view of the difficulty of determining
Cl*#’. The agreement of the OLm=values is fair.

CONCLUDING REMARKS

Although test results end the comparison titi . _____
calmilated results have been given only for the case of a
plain flap deflected 20°, other test rwdts were available
for the N. L C. A. 23012 wing with a split flap 45°
dowm and with the same flap spans as those used herein.
Comparison of the tast and the calculated results for
the split flap showed agreermmt similar to that obtained
for the plsin flap deflected 20°. It thus appears that
fair estimates of the characteristics of tapered wings
With pmti&SPfiLl fl&PS deflected V&l?iOUS&mOUlltS Cm
be ob&ned f~om th~ factors tid the method given.

LANGLEY ME~ORLU AEBONAUTIOALLABORATORY,
NATIONAL ADT-ISOEYCOMMITTEEFOR AJIItONAUTIOS,

LANGLEY FIELD, VA., Janucq %, 1939.



APPENDIXA

SYMBOM USEOINTEXT

section lift coefficient.
increment of section lift coefficient due to

flap deflection.
section basic lift coefficient (CL= O).
section additional lift coefficient.
section additional ~t coefficient for CL= 1.0.
section profile-drag coefficient.
wing angle of attack for zero lift, measured

from the root chord.
angle of zero lift of root section.

wing span.
total flap span.
area of wing.
area of part of wing equipped with flaps.
wing aspect ratio, b2/&
taper ratio, cc/c8.
dynamic pressure.
chord at any section along the span.
tip chord (for rounded tips, ct is the fictitious

chord obtained by extending the leading
and the trailing edges to the extreme
tip) .

chord at root of wing or plane of symmetry.
angle of sweepback meaaured between the

lateral axis and a line through the aero-
dynamic centars (approximatdy the
quarter-chord points) of the wing sec-
tions.

flap angIe.
wing lift c0ef6cient.
wing drag coefficient.
wing profile-drag coefficient,
effective wing profle-drag coefficient.
wing induced-drag coef%eient.

section pitching-moment coefficient
seotion aerodpmmic center.

section pitihing-moment coefficient

about

about

aerodynamic-center position with flap
neutral.

section pitching-moment coefficient with
flaps neutral.

increase in section pitching-moment coeffi-
cient above cnOdue to flap cleflection.

total wing pitching moment.
wing pitching moment due ta basic-lift

forces.
wing pitching-moment coefficient due M

.basi~lift: forces.
wmg pltchmg-moment coefEcient due to the

pitching moments of tha wing sections.
total wing pitching-moment coefficient about

aerodynamic cents-.
wing lift-curve slope.
Iift-ourve slope of section without flap.
lift-curve sIope of section with flap.
moment arm measured from the quruter-

ohord point of the root chord and parallel
to it @oaitive rearward).

lateral distance.
“yf,lateral distance to inboard end of ffap.

xu.~., coordinab of wing aerodynamic center.
R,, effective Reynolda Number.
& additional load parameter.
Lb, basic load parameter.
J, factor of angIe of zero lift.

H, factor of wing aerodynamic center.
G, factor of basic-lift pitching moment.
j, factor of wing lift-curve slope,

~ and E’, factors of section pitching moment.
u, u, to, factors of inducad drag,



APPENDIXB

AERODYNAMIC FACrOES IN TESMS OF TEE FOLKUEE COEPFKIENTS

Tho various aerodynamic factors were obtained from
a Fourier anslysis in which the circulation I’ was
expressed (see reference 2) by

r .~v~~s~ ~

where
c, is the chord at plane of symmetry.
m,, slope of the section lift curve at the phme of

symmetry, per radian.
?r, wind velocity.

Cos 8=3
If the Fourier coefEcients of the pl~in wing at an

angle of attack of one radian are denoted by ~. and if
the Fourier ctioients for the ssme wings with a
constant a.ugle of attack extending over only the
center of the span are denoted by am, the various
aerodynamic factors (in terms of the Fourier coefficients)
oan be found from the following equations:

J=~Almo

in which m. is the slope of the lift curve at any section,
per radian.
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TABLE I

COMPARISON OF CALCULATED-AND EXPERIMENTAL CHARACTERISTICS
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TABLE II

CALCULATION OF CDO FOR CL=O.8

[N. A. C. A. 23012 tapered wing with 0.5b flap deflected downward 20°; R, (based on S/b) =8,200,000]
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